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RESULTS OF AN INVESTIGATION 0f' THE SPACE SHUTTLE

INTEGRATED VEHICLE AERODYNAMIC HEATING

CHARACTERISTICS OBTAINED USING THE 0.0175-SCALE

MODEL 60-OTS IN AEDC TUNNEL A DURING TESTS IH41B

by

W. H. Dye

Rockwell International Space Division

ABSTRACT

A thin-skin thermocouple test was conducted to obtain heat-transfer

data on the Space Shuttle Integrated Vehicle during the ascent phase of

its flight profile. The test model was a 0.0175-scale thin-skin thermo-

c.ouple model (60-OTS) of the Rockwell International Vehicle 5 configura-

tion.---The test was conducted in Tunnel A at nominal Math numbers of 3

:<Lnd 4, and freestream unit Reynolds numbers of 3.7 and 4.1 million per ft.,

r(_spectively. Heat-transfer data were obtained for angles-of-attack of

O, _5, and i0 deg. and yaw angles of 0, +_3, +_6, and -9 deg. The Integrated

Vehicle model was tested with the external tank configured with a spike

nose. Isolate_-_xternai tank and orbiter were also tested. The testing

utilized 80 hours of tunnel occupancy time from December ii through 18,

1975 and January 6 through 8, 1976.

Results of the test are presented in this report which consists of

5 volumes as follows:

Volume 1 Figures 4 - 28

Volume 2 Figures 29 - 45I
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ABSTRACT-(Concluded) -_-

Volume 3

Volume 4

Volume 5

Figures 46A - 531

Tabulated Tank Data

Tgoulated Orbiter Data

pages 1 - 702

pages 703- 1157
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INTRODUC TI OR

The present tests were conducted to obtain heat-transfer-rate data

on the Space Shuttle Integrated Vehicle at simulated ascent flight condi-

tions. The components of the vehicle produce a complex flow field with

many shock interactions. Although progress has been made in analyzing

shock interference heating, experimental data are still relied upon to

provide vehicle design information. One techniqu_ resulting from

analytical studies is the ratioing of interference heating to undisturbed

values. During the present tests, the external tank was tested alone so

Chat these heating ratios could be constructed and so data quality could

be confirmed.

Much of the information presented in this report was derived from

Reference i.

.... 4
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PLOT

SYMBOL

aI, as, a3

ALPHA -PKEBEND

_-SECTOR

b

Cp

C.R.

dTw

dt

FIT LENG_

GRIT

hi

hREF

h
U

h( o)

NGMENC IA_"Lq_E

MNEMONIC DEFINITION

constants used to calculate R, defined in

context

sting prebend angle, deg.

tunnel sector angle, deg.

model wall thickness, in.

model wall specific heat, BTU/lbm-°R

center of rotation

DTWDT derivative of model wall temperature with

respect to time, °R/sec.

time span over which a linear least squares
curve fit of

8ec •

GRIT code indicating boundary layer transition

configuration on model

HI heat transfer coef_iclent in an interference

flow field, BTU/ft_-sec-°R

HREF ..... reference heat transfer coefficient, based on
1-foot full scale radius-sphere, based on

Fay-Riddell theory,

B_/ft2-sec-°R

HU

H

heat transfer coefficient in an undisturbed

flow field, BTU/ft2-sec-°R

heat transfer coefficient, ql[T O - Tw],
B_J/ftZ-sec-°R
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N(NENCLATJRE (Continued)

PLOT
SDmOL

h(.95To)

h(_o)

Moo

M
e

OTS

Po I

P_

qoo

r

R

SFI1

.MNEMONIC

H(.95 TO)

H

MACH

L

L

L

PO

PS

QDOT

Q(PSI) -

R

STN NO

hHEF

DEFINITION

heat transfer coefficient, _/[.95T o - Tw],
BTj/ft2-sec-°R

heat tEansfer coefficient, -Lq/FRTo "
BTU/ft_-sec-OR

freestream Mach number

Mach number at the edge of boundary layer-

orbiter reference length, in.

SRB reference length, in.

ET reference length, in.

mated space shuttle vehicle, orbiter, tank,
and SRB

stagnation pressure, psia

stagnation pressure downstream of a normal

shock, psia

freestream static pressure, psia

heat transfer rate, B_/ft2-sec

free'stream dynamic pressure, psi

recovery factor

analytical temperature ratio, TAW/T o

reference nose radius, scaled from 1-foot

full scale, ft
..

unit Reynolds number, million per foot

theoretical stagnation point Stanton number

for a scaled 1-foot fUll scale radius _p_ere

from Fay-Riddell theory,

[32. 7 (0.2235+o.oooo 351 o+ 6o})1
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PLOT
SD_OL

S_

t

ti

T

Te

To

Tw

Twi

T_

Ta_

T/C NO. _

V_

w

Xo

Xs

X/L

T

Z

3

_MONIC

T

TO

TW

--TAW

T/C NO.

V

XO

XS

XT

x/T.

BETA

NOMENCIA_6RE (Continued)

DEFINITION

solid rocket booster

time, sec

initial time, sec

temperature, °R

temperature at edge of boundary layer, oR

tunnel stilling chamber temperature, OR

model wall temperature, OR

initial model wall temperature

freestream static temperature, OR

adiabatic wall temperature, oR

thermocouple number

freestream velocity, ft/sec

model wall density, ibm/ft B

orbiter longitudinal coordinate, in.

.....SHB longitudinal coordinate, in.

ET longitudinal coordinate, in.

longitudinal position as a fraction of

fus.]_gP rpference length

lateral coordinate, in.

vertical coordinate, in.

model angle-of-attack, deg.

model angle-of-sideslip, deg.
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N(_[ENCIA_FRE (Concluded)

PLOT

STMBOL

Y

8

8_

8
e

8 SB

0

P

i

e

0

S

T

O0

MNEMONIC

BD_

_DBRK

THETA

RHO

PHI

DEFINITION

ratio of specific heat of air

local model surface angle to freestream flow, deg.

body flap deflection angle, deg.

elevon deflection angle, deg.

speedbrake deflection angle, deg.

local model deflection angle, deg.

viscosity, ib-sec/ft 2

density of air, slug/ft 2

model roll angle, angular location coordinate

on model surface, deg.

yaw angle, deg.

initial condition

local condition at edge of boundary layer

orbiter

S_

ET

freestream condition
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CONFIGURATIONS INVESTIGATED

The test model was a 0.0175-scale, thin skin, thermocouple-equipped

representation of the Rockwell International Vehicle 5 configuration of

the Space Shuttle. Sketches of the model are presented in Figure 2.

Figure 3 shows photographs of the model. The integrated model was com-

posed of the orbiter vehicle, external tank, and two solid rocket boosters.

The external tank was designed with a spike shaped Dose tip conflg-

uration. The nose tip profile is shown in Figure 2b.

The model was constructed of 17-h PH stainless steel. The nominal

skin thickness was 0.0B0 in. at the instrumented areas. All thermocouples

were spot-welded to the inner surface of the model and the skin thickness

was measured at each thermocouple location.

Boundary-layer trips were designed to be form-fitted to the orbiter

and the solid rocket boosters. The orbiter and solid rocket booster

trips consisted of 0.020-in.-dia. stainless steel balls spot-welded to a

thin, stainless steel band. The trips attached to the orbiter at an

Xo/L o of 0.0_ and on the solid rocket boosters at an Xs/L s of 0.019. No

boundary-layer tripping devices were i!_stalled on the external tank.

Model configurations were the isolated external tank with all pro-

tuberances removed (Figure 3c), isolated orbiter (._Igure 3d), and the

integrated model (Figures 3a, b, and e).

Model components were denoted as ofollows:
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CONFIGURATIONS INVESTIGATED (Concluded)

NOTATION ON

TABLE II AND

IN DATA

ET Alone

Orbiter Alone

0T_S

MODEL COMPONENT

DESIGNATION _SED

IN TABLE III

T3_

B62 Cl2 E52 FI0 M16 R18 V8 Wll6

B62 C12 E52 FIO MI6 RI8 $23 T34 V8 WII6

DESCRIPTION

Tank alone with

spike nose and with

no boundary-layer

tripping devices and

no protuberances

Orbiter alone with

0.020 in. dial trip

(balls) located at

x/l - o.o 

Mated vehicle with

no boundary-layer

transition device on

the ET, 0.020 in.
balls on the orbiter

at X/t = 0.04 and

SRB at X/! = 0.019
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INSTRUMENTATION

Tunnel A stilling chamberpressure wasmeasuredwith a 15-, 60-, 150-,

or 300-psid transducer referenced to a near vacuum. Based on periodic

comparisons with secondary standards, the uncertainty (a band-width which

includes 95 percent of the residuals) of these transducers was estimated

to be within +0.2 percent of reading or +--0.015psia, whichever was greater.
I

Stilling chamber temperature wasmeasured with a copper-constantan ther-

mocoup!e with an uncertainty of +_3°F based on repeat calibrations.

The model temperatures were measured with iron-constantan thermo-

couples with an estimated uncertainty of +--0.5percent. There were 1105

thermocouples available on the model. A BeckmanR)210 analog-to-digital

converter was used in conjunction with a CDC 160-A computer to record the

temperature data. Tables IV, V, and VI show the thermocouples available.

Locations of thermocouples actually used during this test are listed in

the t_bu!ated data of this report.

The standard Tunnel A instrumentation system is designed to record

a maximum of 97 thermocouples. To more efficiently accommodate the 865

thermocouples on this test requited t_e installation of additional equip-

ment. A new terminal board was fabricated that allowed 291 thermocouples

to De cozlnected at one time. An exi_tin_ Lh±'c_-position switch was in-

corporated that was used to select a group of 97 thermocouples to be

recorded during each model injection: All the model thermocouple leads

were terminated at quick-disconnect plugs. These plugs were easily

interchanged with mating plugs that attached to the terminal board..-In_ _
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INSTRUMENTATION(Concluded)

this manner, a preselected group of 291 thermocouples could be rapidly

connected, and by varying this hookup it was possible to record data from

all 865 thermocoup!es utilized.

.... p
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TEST FACILITZ DESCRIPTION

The AEDC yon Karman Facility (VKF) Tunnel A is a continuous, closed-

circuit, variable density wind tunnel _ith an automatically driven

flexlble-plate-type nozzle and a 40- by hO- in. test section (see Figure

2c). The tunnel can be operated at Mach numbers from 1.5 to 6 at maxi-

mum stagnation pressures from 29 to 200 psia, respectively and stagnation

temperatures up to 750 ° (M = 6). Minimum operating pressures range from

about one-tenth to one-twentieth of the maximum at each Mach number. A

description of the tunnel and airflow calibration information may be found

in the Test Facilities Handbook (Reference 3).
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TEST PROCEDURE

The desired model attitude was established prior to injecting the

model into the flow. When the model reached tunnel centerline, it was

immediately translated forward into the undisturbed tunnel flow. The

thermocouple outputs were scanned approximately 20 times per second

starting prior to model injection into the airstream and continuing about ....

sec. after the model reached the tunnel centerl-ine. After each Injec-

tion, the model was cooled to an isothermal state using high-pressure

air.

Data were obtained at angles of attack of O, i 5, and i0 deg. and

yaw angles of O, -3, i6, and -9 deg. Table I summarizes nominal free-

stream -test conditions.

Uncertainties of the basic tunnel parameters were estimated from

repeat calibrations of the Po and To instruments and from the repeat-

ability and uniformity of the tunnel flow during calibrations. The

parameters, Po, To, and M_ with their uncertainties, were then used to

compute the unce_rt_a_intiesin the other parameters dependent on these by

means of the Taylor series method of error propsgation. Table I

summarizes uncertainties of these parameters.

27



DATA REDUCTION

The reduction of thin skin thermocoup!e data normally involves only

the calorimetric heat balance which in coefficient form is:

dTw/dt
h(To) = wbcp To . Tw (I)

Radiation and conduction losses are neglected in this heat balance, and

data reduction simply requires evaluation of dTw/dt from the temperature-

time data and determination of model material properties. For the present

tests, radiation effects were negligible; however, conduction effects can -

be significant in several regions of the models. To permit identification

of these regions, and to improve evaluation of the data, the following

procedure was used.

Separation of variables and integration of Eq. (i) assuming constant

w, b, cp, and To yields:

h(To) (t" ti)= _n ITO - _i ] (2)wb Cp o

Differentiation of Eq_ (2) with respect to time gives:

.... w---_p_ = __ _n _ (3)

Since the left side of Eq. (3) is a constant, plotting versus time

will give a straight line if conduction is negligible. Thus, deviation

from a straight line can be interpreted as a conduction effect.

The data were evaluated in this _m_nner, and generally a linear por-

tion of the curve was used for all thermocouples. A linear least-squares

curve fit of InK(T o - Twi)/(T o - Tw) S versus time was applied to the data_
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DATAREDUCTION (Continued)

The value of the initial slope is high when the model is located on the

tunnel centerline in the rear test section. As the model is translated

forward out of this region into the undisturbed tunnel flow a new linear

slope is established that is the desired value of d/dt In[(T o - Twi) /

(TO - Tw)]. Generally, for all thermocouples with a value Of XT/L T less

than or equal to 0.05 the curve fit was started at the time the model

reached the tunnel centerline. The curve fit for thermocouples with a

value of XT/L T greater than 0.05 and less than or equal to O.1 started

1.O sec. after the model reached centerline. The curve fit for the

remaining thermocouples started 2.0 sec. after centerline to ensure that

the model was clear of any disturbance in the aft part of the test sec-

tion. The curve fit extended for a time span, which was a function of the

heating rate, as shown below:

Range Number of Points

dTw/dt > 32 5

16 ._<d_Twldt. < 32 7

8 < dTw/dt <= 16 9

4 < dTw/dt -< 8 13

2- ( dTw/dt < 4 17

I < dTw/dt < 2 25

d Idt <

The above time spans were adequate to keep the evaluation of the

right side of Eq. (3) within the linear region. The linearity of the fit
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DATA REIECTION (Continued)

was substantiated by visual inspection of the cases in question.

speaking, the value of Cp for the material was not constant, as assumed,

and the following relation:

Cp = 0.0797 + (5.556 x 10"5)T, (17-4 PH stainless steel) (4)

was used with the value of Tw at the midpoint of the curve fit. The

maximum variation of Cp over the curve fit was less than l.2 percent.

The value of density used for 17-4 PH stainless steel was

w . 480.0 ibm/ft 3

The maximum available tunnel stagnation temperature for each Mach

number tested is listed in Table I. With these relatively low stagnation

temperatures, the difference between the model wall temperature and

recovery temperature was generally small in regions of peak heating.
l

This small temperature difference causes the calculation of the heat-

transfer coefficient to be very sensitive to deviations from the actual

adiabatic wall temperature. Two values of the heat-transfer coefficient

have been calculated based on an assumed constant recovery temperature,

namely h(To) and h(O.95To). To account for changes in the recovery

temperature a third value of the heat-transfer coefficient has been

+_bulated based on an analytical temperature ratio, S -_K.
To

The analytical method for determining R was developed by Rockwell
,.

International and has been used to calculate h(RTo). In this method, the

following relationships were assumed:

Strictly
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DATA REDUCTION (Continued)

and

2
(6)

r = 0.898 for turbulent flow

with r being the recovery factor and the subscript e identifying local

properties at the boundary-layer edge. From these relationships, the

temperature ratio can be defined as

2
i +0.2 rMe

R - (7)
I + 0.2 Me2

which is a function of the recovery factor and the local Mach number.

The local Mach number can be written

Me = Me (M_, 6) (8)

w_ere _ identifies the freestream property and 8 is the local surface

angle-of-attack. Standard matrix techniques (see Reference 2) were used

to derive the following relationship for 8.

8 = arcsin (sin 8 cos _ + cos 8 cos _ sin _)

where ------4.--

•, alpha-sector, deg.

= roll model + phi, deg.

= local model deflection angle, deg.

The edge conditions were computed from M_ and 8 using the tangent cone

flow theory. The following relationship was used to calculate the tem-

perature ratio:

R(M_, 8) = aI (M_) + a2 (M_) • (sin 8)aB(M_ ) (9)
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DATA REDUCTION (Continued)

The values of the constants used for this test are:

Y_ aI a2 a3

3.0 0.9345 0.1004 2.165

k.O 0.9220 0.1004 1.965

The method used to calculate the analytical temperature ratio, R,

has been applied to all of the tabulated data. The method represents a

simplified approach to a more realistic evaluation of Taw. However, in

regions of separated flow or complex interaction, the values calculated

for R may no longer apply and should be used with extreme care.

Data obtained using the Rockwell analytical method for determining

R were used tD_Dalculate interference to undisturbed ratios of thin film

coefficient as follows:

on the I
[h calculated at a given thermocouple location run at-
|tank in the mated configuration during a test ]
[a given a, 8, and M_

hi =

hu [h calculated at the same thermocouple location on the]

|isolated tank during a test run at the same a, B, ]|and M_ for windward surfaces and at a = 0, B = 0
Land mat-cl_ihg M_ for leg_ard surfaces

Table VII defines data associated with each data set identifier.

Table VTTT degioes W_l_dWard and leeward surfaces. These data are ore-

sented in plotted format in the Data Figures. In some instances the Hu

data which created the Hi/Hu data is.not the same as that which is plotted,

due to the treatment of leeward calculations. The corresponding alpha

beta condition is plotted rather than the alpha = beta = 0 case. ......
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DATA REDUCTION (Concluded)

Due to differences in geometry of the undisturbed data and the in-

terfered data, there may be variations in the phi's plotted for the

Hu, Hi, and Hi/Hu.

Since no external tank data were tested at +5 ° alpha, data were gen-

erated from the -5 ° alpha data. The phi's for the -5 ° data were rotated

130 ° _nd al_ha was changed to +5 ° .

Estimated uncertainties for the individual terms in Eq. (2) were

used in the Taylor series method of error propagation to obtain uncer-

tainty in values of heat-transfer coefficient as given below:

h(To) Uncertainty, percent

10-4 12

10 -3 ii

10-2 9.5

4
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TEST: IHhlB
TABLE I.

TEST CONDITIONS

DATE: 12/11/75

through 1/8/76

iSTAGNATION
_ PRESSLLRE

(psi )

37

73

NCMINAL CONDITIONS

STAGNATION

T_MPEBA_%_E

730

750

href

(BTt_/Sec-ft2-°R)

0.055

0.051

UNIT I_OLDS

NUMBER

(million per foot)

3.7

MACE

NUMBER

MACE

UNCEE_AINT_

STAGNATI ON

PRESSURE

- PERCENT

STAGNATI ON

T_MPERA_W/RE
UNIT REYNOLDS

NLW[BER

CGMMENTS: The model w_s instrumented with 865 iron constantan thermo-

couples. See Instrumentation, Test Procedure, and Data
Reduction sections for discussion of uncertainties.
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TABLE III. MODEL DIF_NSIONAL DATA

MODEL COMPONENT: BODY - B62

GENERAL DESCRIPTION: Configuration IAOC orbiter fuselage, MCR 2OO-R/_.

Similar to I&0A/B fuselsge except aft body revised and improved midbody-

wing-boot fairing, Xo = 940 to Xo = 1040.

MODEL SCALE: 0.O175

DRAWING _ VL70-OOOI4OC, -0002020, -OO0205A, VL70-OOO2OOB, -000203

DIF_NSIONS:

Length (IML:

Length (OFt:

Fwd Sta Xo = 238), in.

Fwd Sta Xo = 235), in.

Mm.xWidth (At Xo = 1528.3), in.

Max Depth (At Xo = 1&64), in.

Fineness Ratio

Area, Ft 2

Minx. Cross-Sectional

FULL SCALE MODEL SCALE

1290.3 22.58

1293.3 22.63

26&.O &.62

250.O &.38

4.899 A.899

340.885 O.iO4
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TABLE!ll. MOEELDLMENSIONALDATA(Continued)

MODELCOMPONENT:CANOPY - C12

GENE_a.L DESCRIPTION: Configuration !i0C orbiter canopy. Vehicle

cabin No. 31 updated to MCR 200-RA. Used with fuselage B62.

MODEL SCALE: 0.0175

DRAWING NUMBER: VL70-OO01&0C, -000202B, -000204

DIMENSIONS:

Length (Xo = &3_.6&3 to 578), in.

Max Width (At Xo = 513.127), in.

Max Depth (Zo = 501 to &&9.39), in.

FULL SCALE

i_3.357

152._12

51.61

MODEL SCALE

2.508

2.667

0.903
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TABLEIII. MODELDIMENSIONALDATA(Continued)

MODELCOMPONENT:ELEVON- E52

GENEKALDESCRIPTION:Elevon for configuration I&OC. Hingeline at

Xo = 1387, elevon split line Xw = 312.5, 6.0", beveled edges, and

centerbodies.

MODEL SCALE: 0.0175

DRAWING NUMBER: VL70-OOOIAOC, -006089, -006092

DIMENSIONS: FULL SCALE MODEL SCALE

Area - Ft2

Span (equivalent), in.

Inb,d equivalent chord, in.

Outb'd equivalent chord

210.O

3&9.2
118.0

55.19

0.064

6.111

2.065

0.966

.Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Pro_u_$ of area & if, Ft3

Mean Aerodynamic Chord., in.

0.0

- 10.056

0.0

1567.25•

90.7

0.0

- 10.056

0.0

0.008

1.587

Hingeline dihedral (origin at

Zo = 263.3509), deg. 5.229 5.29
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: BODY FIAP - FIO

GENERAL DESCRIPTION: Configuration I&OC body flap. Hingeline located

at Xo = 1532, Zo = 287.

MODEL SCALE: 0.0175

DRAWI'NGNUMBER: VL70-OOOI&0C, -35511A

DIMENSIONS: FULL SCALE MODEL SCALE

Length (Xo = 1525.5 to Xo = 1613),in. 87.50 1.531

Fm,xWidth (At L.E., Xo =1525.5), in. 256.00 4._80

Max Depth (X° = 1532), in. 19.798 0.3&6

Fineness Ratio

Area - Ft2

Max. Cross-Sectional(At H.L.) 35.196 O.Oll

Planform 135.00 O.O_l

Wetted

Base (_ = 1613) 4.89 0.0015
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TABLE Ill. MODEL DIMENSIOnaL DATA (Continued)

MODEL COMPONENT: 0MS POD -M16

GL"_EK%L DESCRIPTION: Configuration 1AOC orbiter OMS pod - short pod.

MODEL SCALE: 0.0175

DRAWING NUMBER: VL70-O08&01, -O08&lO

DIMENSIONS:

Length (0MS Fwd Sta Xo = 1310.5), in.

Max Width (At Xo = 1511), in.

Max Depth (At Xo = 1511), in.

Fineness Ratio

Area - Ft 2

_%x. Cross-Sectional

FULL SCALE MODEL SCALE

258.50 _.52_

136.8 2.39_

7&. 70 i.307

2.&8_ 2.&8_

58.86& 0.018

4
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TABLEIII. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: RUDDER- R18

GENERAL DESCRIPTION: The rudder is a secondary movable airfoil at the

trailing edge of the vertical fin that imparts yaw forces. This
dimensional data was calculated from the CML master dimensions.

MODEL SCALE: 0.0175 •

DRAWING NUMBER:

DIMENSIONS:

Area, Ft2

Span (equivalent), In.

Inb'd equivalent chord, In.

0utb'd equivalent chord, In.

Ratix_movable surface chord/

total surface chord

At Inb'd equiv, chord

At 0utb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

- 4

Trailing Edge

Hingeline

Vehicle 5 Configuration MCR 200, Rev. 7

FULL SCALE MODEL SCALE

Area Moment (Product of Area & _), Ft3

Mean Aerodynamic Chord, In.

97.84 o.o3o

198.6 lh 3.476

91.o7 i.59h

5o.8o o.889

o.boo o.4oo

o.J4oo o.4oo

34.833 34.833

26.249 26.249

34.833 34.833

593.889 0.003

7z.8_o 1.275

.... p
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TABLE IIl. MODEL DIMENSIONAL DATA (Continued)

MODEL C CMPONENT:

GENERAL DESCRIPTION:

Jettisoned and recoverable after burnout.

and reused after recovery.

MODEL SCALE: 0.0175

DRAWI_ NUMBER: VC77-OOOOO2F, VC72-OOOOO2E

DIMENSIONS:

Length

Max. Width tank dia., In.

Max. Depth, aft shroud dia., In.

Fineness Ratio

W.P. of BSR_ centerline

F.S. of BSR4 nose

B.P. of BSR4 centerline

BOOSTER SOLID ROCKET MOTOR - S2B

The BSRM is an external propulsion system which is

The BSRM's can be refurbished

FULL SCALE MODEL SCALE

1725.2 3o. 191

146.oo 2.555

208.20 3.623

8.596 8.596

400.0

74B.o

250.5

4G



TABLE Ill. _f)EEL DIMENSIONAL DATA (Continued)

MODEL COMPONERT: EXTERNAL TANK - T34

G_NER_ DESCRIPTION: Spike nose config_ration.

MODEL SCALE: 0.0175

(Dimensions are to tank structural C__L_ TPS not included. )

DRAWING NUMBER: VC78-000002D, VC72-OO0002E

DIMENSIONS: FULL SCALE MODEL SCALE

Length 1845.43 32.295

Max. Width 331.00 5.792

Max. Depth

Fineness Ratio 5.687 5.687

Area - Ft2

Max. Cross-Sectional 59h.678 0. 1821
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TABLE!II. MODELDIMENSIONALDATA(Continued)

MODELCOMPONENT: VERTICAL- V8

G_N-_%LDESCRIPTION:Configuration I&OCorbiter vertical tail

(identical to configuration I&OA/B vertical tail).

MODEL SCALE: 0.0175

DRAWING NUMBER: VL70-OOOI40C, -OO01&6B

DIMENSIONS:

TOTAL DATA

FULL SCALE MODEL SCALE

Area (Theo) - Ft2

P!anform &13.253 0.127

Span (Theo) - In. 315.72 5.350

Aspect Ratio 1.675 1.675

Pate of Taper 0.507 0.507

Taper Ratio O.&O& 0.40&

Sweep Back Angles, Degrees

Leading Edge

Trailing Edge
0.25 Element Line

Chords:

Root (Theo) WP

Tip (Theo) WP

Fus. Sta. of .25 )MC

W.P. of .25 MAC

B.L. of .25 MAC

Airfoil Section

Leading Wedge Angle, deg.

Trailing Wedge Angle, deg.

Leading Edge .Radius

45.000 45.00O

26.25 26.25

41.13 41.13

268.50 _.699

108.&7 1.898

199.81 3.&97

i&63.35 25.609

635.52 11.122

0.0 0.0

iO. OO iO. OO

1/+.92 1/+.92

2.00 2.00 ......

13.17 0.0OAO

0.0 0.0

Void Area

Blanketed Area
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TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL COMPONENT: WING - Wll 6

GENERAL DESCRIPTION: Configuration 5 NOTE: Identical to WII 4 except air-
foil thickness. Dihedral angle is along trailing edge of wing. Geometric

twist = O.

MODEL SCALE: 0.0175

DIMENSIONS:

TOTAL DATA

P!anform

Span (Theo.), in.

Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Sweep Back Angles, degrees

Leading Edge

___raillng Edge

0.25 Element Line

Chords :

Root (Theo.) B.P.0.0.

Ti=pT (Theo.) B.P.

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

EXPOS_ DATA

'Area (Theo.), ft 2

Span, (Theo.), in. BPI08

Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.00 b/2

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

DRAWING NO.: VLTO-00014OA, -000200

FULL SCALE MODEL SCALE

2690.0 O. 824

936.68 16.392

2.265 2.265

1.177 1.177
0 ;200 O. 200

3.500 3.500 _
o.500 o.5o0

45.ooo 45.ooo
- io.o56 - IO.O56

35.209 35.209

689.24 12.062

137.85 2.412

474.81 8.309

i136.83 19.895

290.58 5.085
182.13 3.187

1751.5o 0.536

720.68 12.612

2.059 2.059
0.245 o.245

562.09 9.837

137.85 2.412
392.83 6.875

1185.98 20.755

294.3o 5.15o

251.77 4.&06

Airfoil Section (Rockwell Mod NASA) XXXX-64

Root b/2 = 0.113
O. 120

113.18

500.00
1024. OO

Tip b/2 =

Data for (I) of (2) Sides

Leading Edge Cuff

Planform Area, ft2

Leading Edge Intersects Fus M.L. @ Sta

Leading Edge Intersects Wing @ Sta

O. 113
O. 12.0 . .

0.035

17.920
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'rAl_l.l'. 1'I. hl'I'LJ,!IAI. TANK TH'.",,:J'Y/_U!J}':.;_; I//;A'I'ZO_;3

'r/c

NO.

600
6oi

602

6o3
604

6o5
606

6o7
6o8

6o9
610

611
6!2

_13
614

615
616

617

X/L

.o_

.05

.o6

.07

.o8
• IO

.15
•20
.21
.22

.30

.35

.36

.37
•375
•38
.385

.-39
618

619
620
621

522

623
622

625
626

627
628

629

630
631

6_

633

634

625

636

637

638

639
640

64]."

,395
.40

.405

.kl

.4i5

.42

.425

.k3

.k4

•445

.k5

.455

._

.47

•49

•50
:55
.60

.65

•70

.75

.80

.85

MODEL SCALE

XFROM NOSE

(INCHES)

1.2918
1.6147

1.9377
2.2606

2. 5836

3.2295
2.8442

6.h59

6.7819

7.1o4

9.6885

11. 3032
11.6262

i1.9491
12.1106

12. 2721
12. 4335

12. 595
12.7565

12.918

13.0792
• 13.2409
13.4024

13.5639

13.7253

13.8868
14.2098

....... 14.3712 -
14.5-327

14 •6942

lh •8557

15.1786

].5.5o15

15.8245

16.1475
17.7622

19.377 •
20. 9917
22.6065
24.2212

25.8%
27. 4507

i 4,(OEG  S)

0.O

SKIN

THICFi4ESS

.o3_6

.o3_5

.o334

.o326

.o342

.o31o

.03o6

•o341

•0322

.,0299

.0325
•0334

.O331

.O331

•o331
.o331

.o331

•0332

.033

.0332

.o331

.o331

.0332

.o329

.0332

.o331

.o331
• 0328
.0328
.o323

.o331

•o331

.o329

.o326

.o318

.O335

.O345

•o34_
.O325

.o345

• 0355 ....
.O352
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TABLE IV. EXTERNAL TANK THEF_[OCOUPLE LOCATIONS
(Continued)

T/C
NO.

642

643
644

645
646
648
649
65o
651
652
653
654
655
656
657

658
659
66O
:661
662

663
664

665
666

667
668

669

67o
671

672
673
674
675
676
677
678
679
680
681
682
683
684

X/L

.87

.88

.89

.90

.926
•95
.35
.36
.37
•375
•38
.385
•39
•395
•40

.405
.41
•415
.42
•425
.43

.45

.455

.46
.47

.49

.50

.60

.70

.80

.85

.86

.87

.88

.89

.90
.91
.926
.95

MODEL SCALE

XFROM NOSE

(INCHES)

27.7737
28.0966
28.4195
28.7425
29.0655
29.9114

3o.68o2

11.3032
11.6262
11•9491
12.llO6

12.2721

12._335
12.5950
12.7565

12.918
13.0794

13.2409
13•4024
13.5639
13.7253
13.8868

141 • 2098
14.5327

14.6942
14.8557

15.1786

15 -5015
15•8245
16.1475

19.377
22.6O65
25.836
27.4507
27.7737
28.O966
28:_195

28. 7425
29•O655
29•3884

29.9114
3o.68o2

(DEGREES)

0.0

i

11.25

i p

SKIN

THIC_;ESS

(INCHES)

•0347

•0345
•0342
•0338
.o331
.o3o5
•0308
.o331
•0330-
-_0331

•0330

•0330

•0330

•o33o
.o33o
•o329
.o329
•o33o
.o331
•o33o
.o329
•o326
• 0328
•0328
•o328
.O327
•o326
•o326
.0327
• 0320
.0347
.0327
.o36o
.o352
.0348
.o345
.o341
.o336
•0330
.o3o5

"-;030 _

• 0308
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TABLE IV. EXTERNAL TANK TH_iMOCOUPLE LOCATIONS

(Continued)

TIc
NO.

685
686

687
688
689
69o

691

692

693

694

695

696
697

698
699

7oo

701

702
703
704
7o5
706
7O7
708

709
71o

711

71-2
713
714
715
716
YJ-7
718
719
72O
721
722

723
724
725
726

X/L

.33

.34

.35

.36

.37

•375
.50
.60

.70

.80

.87

.926

.o15
•030
.05
.07
.IO

.15

.20

.30

.35

•375

.50
•60

.TO.

.80

.87

.926

.o15

.03

.05

.07
•i0

•15
.20

•30

.35

.375

.50

.60

•70
.80

MODEL SCALE

XFROM NOSE

(INCHES)

10.6573

10.9803

11.3032
11.6262
11.9491
m2•11o6
16.i475
19.3770

22.6065

z5.836
28•o966
29.9114

.4844

.9688
1.6147
2.2606

3.2295
4•8_2
6.459
9.6885

• 11.3032
12.1106

16.1475

19.377
22.6065
2_.836
28.0966
29.£114 --

.4844

.9688
1.6147
2.2606
3.2295
&.84k2
6._59

(DEGREES)

17.0

37.7

9.6_85
11.3032
12.1106

16.1475

19.377
22.6065
25.836

SKIN

TH!CP_{ESS

(INCHES)

•O331

.O331

.O331

.o331

.O331

•0330

.O331

.o3_5

.0328

.0354

.0349

•0304
.O324

.0327

•o35o
•o329
•o349

.o311
•0334

•o31_
.o325
•0324

• 0325
.0349

•0349

•0357

.O352

.o3o6

.o323

.o327

.o341

.o326

.o343

.o3o4
•o33o
.o311
•0321

.0321

.0322

.o3_8 .....

.0350

.o354
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TABLEIV. EXTERNALTANK THERMOCOUPLE LOCATIONS
(Continued)

T/C
NO.

727

728

729

730

731

732

733
734

735

737
738

739
7&o
7&l

7_2
743
744

745
:746
7&7
748
749

75o
751
752
753
754
755
756
757

758
759
76o
761
762

763
76_
765
766
767
768
769

X/L

.87

.926
O.O

.003

.OLO3

.o15

.02

.o25

.03

.04

.O45

.O6

.07

.o8

.i0

•125
.15

.!75

.20

._15

.23

.24

.25

•30

•35
.40

.50
• 66" --

.70

.8O

.90

.22

.25

.27

.30

.32

.34

.36

.38

.40

.23

.25

MODEL SCALE

XFROM NOSE

(INCHES)
. , . . .. ,,

28.o966
_.9114
o.o

_5o

.4844

.6459

•8073

•9688
1.2918

1.45_
1.9377
2.z_o6

2.5836

3.2295
4.0368
4.8442
5-6516

6.459

6.9434
7.42T8
7.75o8

8.0737

9.6885

Ii.3032
12.918

16.1475

• 19-377

22.6o65
25.836
19.o655
7.Io49

8.0737
8.7196
9.6885

I0,3344

10.9803
11.6262

12.272z
12.918

T.4278
8•0737

(DEGREES)

37.7

180.O

m41'.5

SKIN

THIC_4ESS

(INCHES)

.0348

.o3o6

.O321

.0324

• o323
.o327

•0324

.o3_7_

•0325

,0341

.o3%

.o331

.o329

.o3o6

.o333

.o3o6

•0320
.0296
.O311
.o321
•o3oi

.o295

.0275

•0339

.0352

.o3_S

.o34o

.0347

.0337

.0355
•0344
•0299
.0284

.o299
•0370

.o376

•o375

•0370
.o366

_.ot56_
•0299
.0286
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TIc
NO•

77o

771
772

773
774

775

776

TT7

7_
779
78O

781

782
783
784
785
r86
787
788
789
790
791
792
793
794
795
7#
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811

TABLE IV, EXTER}&L TANK THEP/<OCOUPLE LOCATIONS

(Continued)

X/L

.27

.29

•30

.31

.32
•325
•33
.335
.34
.345
.35
.355
.36
.365
.37

.375

.39

.&O

.50

.60

.70

.80

.90

.27

.29

.30

.31

.32
,325

.33

,335
.34
"I 345

.35

.355

.36

.365

.37
•375

.38

•39

MODEL SCALE

XFROM NOSE

(INCHES)

8.71_
9.3655
9.6885

10.0114

lo.3344
10•_958

i0.6573
1o.8188

1o.98o3

11. i_17

11.3032
ii.h4_7
11.6262

11.7876

11•9491
12• 1106

12.2721

12. 595
12.918

16.1_75

19.377
22.6065
25.836
29.o655

8•71%
9.3655

9.6885 _
io.oI14 -

_o.3344
1o._958
1o.6573
!O.8188

1o.98o3
II. i_17

11.3032
11.461_7
11.6262
11• 7876
z1.91_91
]2.1106

12.2721

12.595

!

(DEGREES)

2_7.5

258.0

I
I

1

SKIN

THICKqfESS

(INCHES)

• 0305
•0359

.o364

.o%7

.O370

.o369

.o368
•0368
•0368

.o367

.o366

.0365
•0365
.o366
•0364
•o361

•0360

•O359
.0356

.O347

•O329

•O315
.0354

.o345

•03] ?
•0361
•0367

.o367
.0369
.o368
.o368
_8

.o368

.o367
,0367

•0367

.o366

.0365

.o361_

.0362

.o361
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T/C
NO.

812

813
81_

815
816

817
818

819
82O

821

822

823
82_

825
826

828

829

83O

831

832

833

834

835
836
837
838
839
84o

841
842

843
8_

845
8h6

847
848

849

85o

851

852

853

85_

TABLE IV.

x/L

.4o

.23

.2h

.25

.27

.29

•30

•31
•32

•325

-33

•335

• 3_5
.35
.%
.365
.3T

•375

.38

.39

.40

.50

.60

.7o

.8o

.90-

.23

.25

.27

•30

.33

•35

•37
.40

._5

.50

.55

.60

.65

•70

.75

EXTERNAL TANK THERMOCOUPLE LOCATIONS

(Continued)

MODEL SCATHE i
XFROM NOSE

(INCHES)

12.918

7,_278

7,75O8

8.0737

8.7196
9.%5_
9.6885

lO.O114

IO.33_4

io.4958
.o.6573

io.8189

lO.98o3

ii.i_17

11.3032
Z1.6_2
11.7876
11.9491

12.11o6

12.2721
• 12.595

12.918

16.1475

19.377
22.6O65
25.8%

• 29_o655

T.42T8

8.0737

8.7_96
9.6885

1o.6573

I_I.3032

ii.9491
12.918

14•4327

16.1475

17.7622

19.377

2o.9917
22.6O65
2h.2212

258.0
270• o

4
I

i
_i

IP

292.5

SKIN

THICk?4ESS

•036].

.o3o6

.o275

.0282

•o3!3
• 0358
.o364

.O36V

•0368
.0369

.o%8

.o%7

.o%9
•0368

.o368

•o369

•0368

.o%7
•0365

.o365

.o%1

.o36o
•0352
.0334

,0316

•0358

.0348

.0276

.0287

.O318

.O374

.o%9

.o363

.036].

.0357

.0354

.o3_
•o333
.0332

-- 03e7
.O317

.0343

I

.[.

r

i
I

L
i
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TABLE IV. EXTERNAL TANK THE&MOCOUPLE LOCATIONS

(Contlnued)

T/C
NO.

$55 I
856 d
857 1

858
859 J
860
86z

862 i
863 I
864
865
866
867
868
869
870
871
872
873 _i
874 !
875
876 I

87v
878
879
880
881
882

883
884
885
886
887
888
889
890
891
892
893
894
895
896

x/L

.80

.90

.84

.85

.86

.87

.88

.89

.90

.91

.926

.80

.81

.82

.83

.04

.-*5
.06
.07
.o8
.10

.15

.20

.35

.20

.50

.55

.60

.65

.70

.75

.80

.84

.85

.86

.87

.88

.89

.90

.91

.926

.95

MODEL SCALE

XFROM NOSE

(INCHES)
, , , ,, ,

25.836
29.0655
27.1278

27.45O7
27.7737
28.0966
28. _195

28.7425
29.0655
29.3884
29.9114
25.836o
26.1580
26._819
26.8o_B
1.29].8
1.6147
1.9377
2.26O6
2.589
3.2295
4.8442
6.459
ii. 3032

12.918
16• 1475

17.7622 _

19.377 -

20.9917

22.6065
24.2212

25.836
27.1278

27.4507

27.7737

28.o966
28.4195

28.7425
29.0555
29.3884
29.9114
30.6802 ' "

I (DEGREES)

292.5

i
3o5.4

i

,i

SKIN

THIC_SS

(INCHZS)

•0342
.O343
.o36o
.0358
•0355
.O354
.0354
.0352
•0350
.o3o6
•0307
•0354
.0356
.0356
.o355
.0346
.0343
.o335
.0327
.O315
•0339
•0304
.o33o
•0358
.o351
•0324
.0334

.0331

.0326

.o313

.0353

.o354

.0354

.o351

.O352

.0350

.o348

.0342

.o338
•0305 .....
.o3o6
.0308
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TABLE IV. EXTERNAL TANK THE_'.OCOUPLE LOCATIONS
(Continued)

897
898
899
9OO
901

902

903
i 9oL

9o5
9o6
907
908
9o9
91o
911
912
93-3
934
915
93-6
937
918
919
920
921
922
923
924
925
926
927
928
929
93O
931
932
933
934
935
936
937
938

X/L

.42

•435

.45

.50

.60

.70

.80

.87

.42

-435

.45

.50

.60
•70
.80

.87

.935

.945

.04

.05

.O6

.07

.o8

.I0

.1.5

.20

.42

MODEL SCALE

XFROM NOSE

(INCHES)

.4_5--

.45

.85

.86

.87

.88

.89

.90
•91
.9_
.415
.42
•425
.43
.44

13.5639
14.0483
14•5327
16•1475
19.377
22.6065
25•8%O
28.0966
13.5639
!4.o483
14.5327
16.1475

19.377
22•6065
25•836
28.0966
30• 1958
30.4187
1.2918
1•6147

I.9377
e.2606
2.5836
3.229.5
4•8442
6•459
13.5939

322.3

330.2

I

337.5

I

i

i
14.0483
14•5327
27.45o7
27.7737
28.0966
28.4195
28• 7425
29.0655
29.3884
29.9114

13.4024

13•5639
13.7253
13.8868
14.2098 p

SKIN

THICKNESS

(INCHES)

.o346

•0356
•o34o
•0334
.o335
.0326
•0350
.o352
•0345
..0343
•0341

•03]-]-
•0340
•0330
.O347

•0348
•o3o6
•o3o9
.o351
.0345
.0331

.0320

•o326
.0333
•0307
.0334
.0341
•03_o
.0337
.o344
.0343

•0342
.o3_o
.o338
.o33o
•0304
.0305
.0343
.o34o
•o339
.o33-9
.0340
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TABLE IV.

TIc

";0

939
94o

9hl

942

943

944

945
9L6

947

948

949

95o

95!

95__

953
954

955
956

957

958

959

96o

96__

962

963
964

965

966

967
968
969
970

X/L

.245

.25

.50

.60

.7o

.80

.35
•36

.37

•375

.38

•385

.39

•395
.20

.405

.41

.-_15
.42

.425

.43

.445

.45

•455

.47

.29

.85

.86

.87

.88

972

973
972

975

976

977
978

979

98o

.89

.90

.91

.926

.95
•012

.o15
•o18
.024

EXTERNAL TANK THE2_MOCOUPLE LOCATIONS

(Contlnued)

MODEL SCALE

XFROM NOSE

(INC_mS)
, , . | •

14• 3712
14. 5327

].6.1;475

19.3770
22•6065

25.836

zz. 3o32
11.6262

11.9491
12. IIO6

12.2721

12.4335

12. 595

12.7565

12.918

13.0794

13.2409

13.4022

13.5639

13.7253

13.8868
14• 2098
14.373.2
14• 5327

14.6942

14.8557

15.1786

15.5015 -
15 , 82_ 5 --I

27.4507

27.7737
28.0966

28.4195

28.7425

29.O655

29. 3884

29.9114

3O.68o2

(DEGR.F] S)

343.12

SKIN

THICknESS

(INCHES)

•0335

•0335
.0328

.0345

.o324

•0341

.o351

.0350

•0349

_O349

.o346

.0345
•0343

.0348

.o342

.o341

.o341

•o34o

•0339

.0339

•0340

.o339

.o339

•o337

.o337

.o335
•o334

.o331

.o331

.o343

.o342

.o341

•o34o

.0335

•0327
•0305

.0307

.o3o9

.O351

.0325

• 0322 .....
• 0332
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TIc
NO.

981
982
983
984

985

986
987
988
989
99o
99].
992
993
994

995

996
997
998

999
2000
2001
2OO2

2003
2OO4

2OO5
20O6

2007
2OO8

2009
2OlO

2014

2015
20!6

2017
2o18

2019
2020

2021

2022

2023
2024
2o25

TABLE IV. EXTERNAL TANK THE_OCOUPLE LOCATIONS

(Continued)

X/L

.o31

.020

.o25

.o3o

.OhO

•050
.060

.070
•o80

•lOO

•150
.200

•0.010

0.025
0.030

OMI_I'ED

OMITTED

(_IITrED

.4347
•5689

.7o27
•8363

.8990

._758

.51o8

.5_,57

.5807-

.6]56

.6506

.6855

.7205

.7557

.79O4
•8253

•8603
•8952

•44o9
.4761

.5113

.5465

.5818

MODEL SCALE

XFROM NOSE

0.3333
O.807O

0.9688

14.0400

18.3726

22.6937

27.0083

29.0332
15.3660
z6.4963
17.6234

18.-7537

].9.88o8
21.0111

22.1382
23 •2685
24.h052
25.5260

26.6531

27.7834

28.9].05
14.2387
].5.3756

16.512&
17.649"2

18.7892

180.0

0.0

270.0

_r

39

Ir

SKIN

THICknESS

(INCHES)

.o347

.0320

.0322

.0324

.0342

.0344

.0338

.0331

.031h

_03hl

.0303

.0329

0.0306
0.0327

0.0320

.o3_7

.0325

.0312

.o35o

.0331

.0335

.0325

.o3z7

.o319

.0325

.0320

.03].9

.o3oo

.o353

.0352

.o35o

.0345

.o3_2

.o35o

.o3_5

.0325

--_oB3e
.o3].8
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TABLEIV. EXTERNALTANKTHE_MOCOUPLELOCATIONS
(Continued)

TIc

NO.

2026

2O27
2028
2O29
2030
2o32
2o32
2033
2034
2035
2036

2037

2038

2039
20_0

2o41
2o_
2023
2044
2045
20h6
2027
20&8

2o49
2o5o
2o51
2052
2053
2054
2O55
2056

2057

2O58
2059
206o
2O63.
2O62
206.3
2062
2065
2066

2O67

X/L

.61'I'o

.6520

.6874
0.7226

o.7579
o.7931
0.8283
0.8635
0.8987
0.9339

o.25o
o.3oo
0.325
0.350
0.375
o._oO

o.4ao
0-7_25
o.b.3o
0.435
o.4_o
0.450
0.470
0.550
0.600

0.650

0.750
0.8o0
0.830
o.84o
0.850
0.860
o._o
0.880
0.89o
0.9o0
o.91o
0.926

0.935
o.945
0.250
0.300

MODEL SCALE

XFROM NOSE

(INCHES)

19.9'260

21.o563
22.1996
23.362
22.4764
25.6132
26.7499
27.8867
29.0235
30.16o3
8.0737
9.6885
1o.4950
11.3o32
12. Ii00

12.9180

13.5630

13.725
13.8860
12.048o
12.2090
14.5327
15.1786
17.7620

19.377o
20.991o
24.2210
25,836o -
26.80_o -
27.1270
27.45O0
27.773o
28.0960
28. _.19o
28.7_20

29.0650

29.3880 "
29.9052

30.195o
3o.518o

8.o737
9.6885

326.85

I'

45

_r

36.32

36.32

SKIN

THICFC4ESS

(INCHES)

.o32o

.0320
.0317
.0319
.0348
.0355
.0352
.0355
.0358
_0332
.0275
.O320

.0325

.O330

.0330

.0330

.o33o

.o33o

.o33o

.0330

.0330

.o328

.o325

.0324

.o33o

.o334

.o35o

.o354

.o355

.o355

.o35o

.o3_

.o332

.o334

.0333

.o332

.0272

.o315

.o298

.o335

.o335-

.0338
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TABLE IV. EXTERNAL TANK THERMOCOUPLE LOCATIONS

(Contlnued)

2068.

2069
207O
2071
2072
2073
2074
2075
2076
2O77
2078
2079
2O8O
2081

2082

2083
2O84

2O85
2O86

2087 *

2O88 *

2089 *

2O9O

2091

2092

2O93

209_

2095

2o96

2O97

2o98
2o99
21oo
21Ol
21o2

2103
21o4

2105
2106

21o7
2108

2109

_Tbese T/Cs

x/L

0.325

0.350

0.375
O.hO0

0._0

0._5

O. 430

0._35

O.450

0.600

o.65o

0.250

0.300

o.375
o._o0

0.430
o. 450
0.600

0.650

-- 0.937
0.937

o.937

0.355

0.360

0.365

0.370

0.355

0.360

0.365

o.37o ....
0.355

0.360
0.365

0.370

0.355

O.360
0.400

0.405
0.410

0.;_)0

0._05

0._05

MODEL SCALE

XFROM NOSE

(ZNCHES)

"
11.3032
12.1100

12.9].8o

13.5630

13.7250

13.8860
14.0480

19.3770

20.9910

8.0737

9.6885
12. iiOO

12.9180

13.886o

14.5327

19.3770

20.991o
30.282
30.282

30.282

11.46_7
11.6262
11.7876
11.9492
11._&7
11.6262

11.9491
11.9 1
11._6_7

11.6262

11.7876

2.9491

11._47
11.6_

12.918

•13.0.795

13.2_O9

12.9180

13.o79_

13.o79_

¢
(DEGREES)

36.32

I

I

33.75

_r

250.57

289.43

352.2

29.8

W

23.08

23 .o8

20.98

¶r

" 17,o

17.o

330.2

326.86

326.86

32_. 45

ere plotted and tabulated at incorrect X/L values

SKIN

THICKNESS

(INCHES)

.o337

.0335

.o335

.o335

.0335

•0335

.0335

.o335

.0335

..0332

•0325 -

.0271

.0338

.0335

.0335

.0335

.0335

.o335

.0332

.0312

.0315

.o318

.o338

.o338

.o339

.o338

.o338

.o338

.o338

.o338

.o338

.o338

.o338

.o338

.o3_o

.o34o

.0353

.0353

.0354

.0353

.0353

-03_3_

or 0;929
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TABLE IV.

T/C

NO.

2!i0

2111

2112

2113
2114

2115
21/.6
21.17
2]3.8

21!9
2120
2121
2122
2123
2124

212.5
2].26
2127
2].28

2129
213o
2131

2132

2133

2134

2135

2136

2137

2138

2139
21_0

2141

21_

2143
21_k

2145
2146
2147
2148
21_,9
2150
2151

x/L

0._i0

0.410

0;835
0.820

o.83o
0.835
0.820

0.830
0•835
0.840

o.850
0.860

o._o
0.88o

0.89o

0.900

o.91o
0.925

0.935
-o_._o

o.83o
0.840

0.850
0.860

0.870
o.88o

0.89o

o.91o
o.9e6

0.930

0.926

0.926

o.9_6

0.926

0.926

0.930

0.930

0.930

0.930

0.930

o.935

0.935

Thls T/C is plotted, and.

EXTERNAL TANK THERMOCOUPLE LOCATIONS

(Continued)

(DEGP_S)

MOD_.LSCALE i
XFROM NOSE I

......1
13.2ho9

13.24o9

26.9663

26.4819

26.8049
26.9663

26.4819

26.8049

26.9663

27.1728

27• 4508

27.7737

28.0967

28.4_96
31.6491
29.o655
29.3885

29.8729

30.1958

26• 4819
26• 8O48

27.1278
27.4507

27.7737

28.0966

28.4196

28.7_25

29.3884

29.9052
3Q.o344-

29.9052
29.9052
29.9052
29.9052
29.9052
30.0344

3o.o3_4

3o.o344

3o.o3_

3o.o344

30.1958

30.1958

tabulated an

324.45

315.o

309.3

305.4

305.4

3o5•_

3Ol.5

!

°

_v

292.0

289. _3

270.0

258.0
250.57
2Wr.5
289.43
27O
258.0
250.57
247.5

27o

258.0

an incorrect X/L value

SKIN

THICKNESS

(INCHES )

.0353

.o35s

.03_

.0365

.0365

.0362

.0363

.0365

.0368

.0365

.036_

.0362

.O363

.0361

.o358

.o355

.030

.o355

.0330

.0363

.0360

.0360

•0358

•o36o

.o358

.o358

.o357

.030

.o318

.0310

.o318

.o3_5

.o3!5

.o318

.o318

.o3_2

.o315

.o3o5

.o315

.o3o8

.o315

•o3__ _

oz 0.900.
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TABLEIV. EXTERNALTANKTHEP_OCOUPLELOCATIONS
(Cone luded )

T/C
NO.

2152

2153
2154

2155

2156

2157
2158

2159

2].6O

2161

2162

2163
2164

2165
2166

2167
2168
2169
2170

2171

2172

2173
2174

2175
2176

2177

2178

2179
2180
2181
2182
2183
218h
2]-85
2186
2]-87
2188

X/L

0.926
0.926
0.926
0.926
0.926
0.926
0.926
0.926
0.926
0.926

MODEL SCALE

XFROM NOSE

(INCHES)
• , , =

o.926
0.926
o. 926
0.926
o. 4&o9
o._5
o. 425
o.k25
o. 425
0.425
o.430

o. 430

0.430
0.430
o.430
0.435
o._3_-
o.4_o

o.44o

O.OLO

o.o15
0.020

0.0250

o.o3o
o. O2O
0.025
o.o3o

29.683
29.683
29.683
29.683
29.683
29.683
29.683
29.683

29.683

29.683

29.683
29.683
29.683
29.683
14.2389
13.7253
13.7253
13.7253

13.7253

13.7253
]-3.8868
13.8868

13.8868
13.8868
13.8868

14.o483

14..o483
14-,2098
14.2098
0.333
o.4850
0.6_60

o.8070
0.9688
o.646o
o.8070
0.9688

(DEG_IEES)

33.75

31.75

23.07

17.25
11.25

0.0

355.16
348.0

343.15

334.98

33o.2
326.86

324.45
315.o
315.0

337.5
345.56

35_.o

5.63

17.0

337.5
345.56

354.0

5.63

17.O
354.0

5.63

354.0

5.63
18o.o
]-8o.o
18o.o

18o.o

18o.o

o.o

o.o

o.o

SKIN

THICKNESS

(INCHES)

.o3o5

.o3o5

.o3_

.0295

.0312

.0302

.o3]-o

.o315 -

.o315

o.o315
O.0314

0.O313

0.0313
O.03L_
o.o335

0.0345

0.0345

0.0345

o.o342
o.o3&7

o.o345

0.0345

0.0345
0.0342
o.o34a
0.0345

o.o3_
o.o3_5
o.o3_

0.0304

0.0296
0.0293

0.0305

o.o3o7
O.03L_
0.0313
0.0313
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TABLE V. SOLID kOCKET BOOS.q_R THERMOCOUPLE LOCATIONS

i000

i00!

1002

1oo3
lOOk

1005
lOO6
1007
1008

lOO9
I0!0

I0!!

1012

1013
1014

1015
].016

i017
IO18

!o!9
1020
1021
1022

1023
1024

lO25
• 1026

1027
1028

lO29
1030

I031

1032

1033
iO34

1035
lO36

1037

lO38

.I!5

.20

.225

.25

•30
.40

.5

.55

.60

.65

.7
•750
.80

.875
.-725
.939

-953
.967

•980
•994

•!!5

•143

•171
.2

,.2

FULL SCALE

xo

399.19
545.04

588.17

631.30
717.56

890.08
lO62.6o
1148.86

1235.12
1321.'38
].4o7.64
1493 "i(.)0
1580. ]6

• 1790• 55

1795.81

1899.963

1844.58

1867.89

1891.o9
1914.37

399.19
446.7O
495.Ol
545 •04

.... 717.56
.4
.5
-55
.6
.65
.7

.8
•875
.925

•953
.967

t_

.900

.994
0

890. o_
1062.60
1148.86
1235.12
1321.38
1407.64
1580.16
1709.55

795.83."

184k.53
1867.81

1891.09

1914.37
200.0

MODEL SCALE

ix?re.OX NOSE

(TNC  S

6.9$6
9. 538

I0. 293
l!. 058

12.557

15.5%
18•596
2O. 105
21.615

23. 124
24.634
26.143

27.653

29.917

31.427

31.849

32.279

32.688

33.o94

33.5o2
6• 986

7.817

8 •663

9.538
- 12. 557
15.576

18.596

20.105
21.615
23• 124

24.634

27.653

29.917
31.428
32.279
32.688

33. O94

33.502

3.5o

180

I
I

I
I

175

225

230

i

270

TH!CK_ESS

( "n_C_Z S )

•O3O

.030

.o3o

.o3o

.o3o
•031 -

•0304

•0304

•o3o
.0302

.o29
•028
.o29

.o3o
•0299

.0292
•0285
•0299

.o3oi

•o3o5
•o3o
.o3o
.o3o
•030

.o3o

.o3]

.o3o3
•0302

.o3o
•0302

•0295

.0295
•0294
•0299
.0295
.o296
•03o
.030 -_
.03o3
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TABLEV. SOLIDROCKETBOOSTERTHERMOCOUPIZLOCATIONS
( Conti nue_])

T/c

L NO.

].039
io4o
1041

lOb2

104_
104 _,

lO45
lO_6
10_7
1048

1049

1050

105!
1052

1053
1054

=1o55
1o56
1057
1058
1059
lOgO
1061
lO62

lO63
lO64
lO65
lO66
lO67
lO68
lO69
1070

1071

1072

1073
107k

1075
1076

i077

•002
.0o8

.05
•!

.12

.127

.134

•173
•180

•186

•193
.2

.25

.3

.4

.5

.6

-7
.75
.8

.875

.925

.953

.967
•98O-_
.994
.!15
.!43
.11"I

.3

.5

.6

".7

.8

.953

.967

.980

.994

FULL SCALE

xo (INCUS)

203.89
213.27
286.26

372.52
407.024
419.10
431.178
h98.26
510.536
520.887
532.964
545•04

MODEL SCALE

XKR_OM NOSE

(INC,_S

631.30

717• 56

89o.o8
1062.6
1235.12
1407.64

1493.9

1580•16

1709.5 5

1795.81
1844.53
1867.81
1891.o9
1914.37
399.19
_-46.7
495.01
545.04
717.56

i062.6

12 35•12
%407.64

1580.16

1844.53
1867.81

1891.09

1914.37

1

3.568
3.732
5.010
6.519
7.123
7.33;;
7.546
8.723
8.934
9.I16
9.327
9.538

II. 048

12.557

15. 576

18. 596

21.615
24 •634
26.143
27.653

29.197

31.427

32.279

32.688

33.094

33.502
6-986
7.817
8.663
9.538

12. 557

18. 595
21.615

24.634
27.653
32.279
32.688
33.094
33.5O2

270

315

SKIN
THICKNEss

(Z._:C_S)

.o3o5

.o3o
•o3o
•o3o
•o3o
.o3o
•o3o
,o3o
•o3o
.o3o
.o3o
.o3o
.030
.o3o
•o3!4
•03o5
•0302
.o3o2
•0285

.o3o

.o3o
•0301
•028
•028
•0287
.o29
.o3o
.o3o
•030
•030
.o3o
.o3o5
.030
•0295
.0295
.029
.0295

.... _._0298
.0295
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T/C

NO.

io78
!o79
!OqO

108!

1082
1083
lOc L

Io85
io_6
1087
!o88
_,o89
!o9o
!o91
lO92
1093
io9L
lO95
1096

1097
1,098
lCOO

Ii00

ii0!

1102

uo3
1104

1].o5
II!0

!!Ii

I!]P

lll3
1114

1115
1116

!117
1118

1119
ll20

.2

.4

.6

.7

.75

.8

.953

.967

.98

.994

.i!5

.146

.177

.6

.7

.115

.128

.146

.2

FULL SCALE

Xo (ZNC  S)

.h 89o

.6 1235

.8 158o
•875 17o9
•05 286
.i ......372
.!15 399
.!46

.953

.967
•o80
.99h
•115
.!28
.146

.2

.6

.8

5_5.o4
890.08
1235.12
1407.64

1493.9
!580.16
1844.53
1867.81

1891.09

1914.37

399.19
451.88
5o5.36
1235.12
1407.64

1580.16

399.19

_20.83
451.88
545.o4

_o8
.12

.16

.55

.26

.52

.19
_51.88

1844.53

1867.81

1891.09

191_.37
399.19
h2o.83
_51.88"
545.o4
590.o8
1235.12
1580.16

MODEL SCALE

XFROM NOSE

(INCHES

9.538
15.576
21.615
24.634
26.143
27.653
32.279
32.688
33.094
33.5o2
6.986
7.9O8
8.844

21.615

2_.634

27.652
6.986
7.364
7.o98
9.538

15.576

21.615
27.653

29.917

5.oi
- 6.519

•6.986

7.908
32.279

32.688

33.094

33.502
6.986

7.364

7.908

9.538

15.576
21.615
27.653

(DEGREES)

0

i

45

76

76

lO4

SKIN

TKICKNESS

.o3o

.o3!1

•03o
.0292
. o2_
02o_,

•0291
.029].
.0285
.030
.o3o
.o3o
.o3o
.o3o
.0297
.o3o
.o3o
.o3o
.o3o
•o3o
.o315
.0302
.030
.o3o
.o3o
.o3o
.o3o
.o3o
.o3o
.o3o
.o3o
.o3o
.o3o
.030
.o3o
.030
.o314

.0302
•0295
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TABLE V. SOLID ,_0CKET BOOSTER THERMOCOUPLE LOCATIONS

(Continued)

NO.

1121

1122

i123
ll2_"

!125
1126

I127
i128

1129
I13O
I13!

1132

1133

1!34

1135 --
1136

:1200

1201

1202

1203
1204

1205
1206

1207
1208

1209
1210

1211

1212

1213
1214

1215
1216

1217
1220

1221

1222

1223
1224

.875

.ll5
•iI_6
•177
.2

.3

.5

.6

.7

.8

.875

.925

.953

.967

.980

.994

.043

.05

.057

.063
•090
•I0

.05

.09
•I(_--

.05

.09

.I0

.043

.05

.057

.063

.O9

.!0

.965

.975

.985

.995

.965

FULL SCALE

Xo (INC_mS)

1709.55

399.19
451.88

-505.36
545.04
717.56
1062.60

1235.12
1407.64

158o.16
1709.55

1795.81

1844.53
1867.31

1891.09

1914.37

274.8

286.23

297.65

309.09
355.26
372.51
286.23

355.26

372.51

286.#3
355.26
37°-.51
274.8
286.23
297.66

309.09

355.26

372.51
1644.82

1682.o7

1699.32
1716.57
1664.82

MODEL SCALE

XFROM NOSE

(,INCHES

29.917

6.986

7.9O8
8.844
9.538

!2.557
18. 595

21.615

24.634
27.653

29.917

31.427

32.279
32.688

33.094

33.502
4.809

5.009
5.209
5.409
6.217

6.519

5.oo9
6.217

6.519

5.0o9
6.217

6.51o

_.809
5.009
5•209

5.409
6.217

6.519
29.134

29.436

29.738

30.040
29.134

(DEGREES )

10h

135

,r

155

!

185

1
_15

1
225

184.25
I
!

I'
200

SKIN

THICKYESS

(INC_S )

.0299

.030

.030

.030

.o3o

.O30

.o3o5
•0302
.0298

.0295

.o3o

.o3o

.0295

.o_95

.o3o

.0299

.o3o

.030

.o3o

.o3o

.o3o

.o3o

.0298

.030

.o3o

.o_98

.030

.o?o

.030

.o3o

.030

.030

.030

.o3o

.0295

.0296

.0299

-T- -vo3o
.o30

I
f
i
i
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TABLE V. SOLID ROCKET BOOSTER THERMOCOUPLE LOCATIONS

(Concluded)

1225
1226

1227
1228

ie29

123o

1231

x/L

.975
•985

.995

.965

.9?5

.985

.995

FULL SCALE

xo (INC_S)

1682. O7

1699.32
1716.57
1664.82

1682. o7

1699.39

1716.57

MODEL SCALE

XFROM NOSE

(i_c_s

29.436

29.738

30.040

29.134

29.436

29.738
30.04

200

220

Y

SKIN

THICKYESS

•O3O
•0298

.0299

•O298
•0298

•0297

.030
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TABLE VII. DEFINITION OF DATA SET IDENTIFIERS

Data Set Identifiers have six characters. For IH41B they are:

VF XX

T \ Iden,1 les,e,
Uniquely \ _runs from which

identifies data kk _ data were ob-
as coming from Test \ tained as

IHhlB _ described by
First character _ Table II

identifies operations

performed on data as Identifies model

follows: component on which data
were measured as follows:

._iARACTER

Tank

L, S

=A, K

Orbiter

OPEP_T!ONS CHARACTER

NONE

Interpolation

RaZio

T

B

C

F

L
NON9 ----

U
Ratio

V

CCMPO_

External <ank

Orbiter fuselsge

top nose and OMS

pods

CanoDy windshield

Fuselage lower
surface and mn-

bilical door

Wing lower surface

Wing upper surface

Vertical tail
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TOP CC

Table Vlll.

DEFINITION OF WINDWARD - LEEWARD CONDITIONS

(EXTERNAL TANK)

u

o o Iwiw!w w

6

W, I_) L L! Li L ; L

_I0 !I0
-6 -9 "-6

I0 I0 T I0

-3 O_ 6

L Li L

5.625
II .25
II .8
17.0

20.98
23.07

.L 29.8
31.43
33.75
36.32

37.7

39.0

45.0
180.0
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Figure 2. Continued.

92



II)Zll.[ ;ll_/ll [r PLAT[ POINT OFMOD(L IO,_AIION7 r'-" MOO(L SUPP_T IN.J(CTIOII_R|TRACTION $YSrr.M

SlfIILI legCg¢_JAJ_I

jl

] - FMR IN_

I,l.l.l.[.l.J

o ,i I _Z

Pin

Schematic view of Tunnel A.

C. Schematic View of Tunnel A

Figure 2. Continued.
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